r -GancR ES cell clones. Genomic DNAs were digested with BamHI or HindIII as indicated and submitted to Southern blot analysis using the 3Ј probe or the 5Ј probe, respectively. The wild-type DNA (wt) shows a 6.5 kb fragment using the 3Ј probe and an 11.5 kb fragment using the 5Ј probe, whereas targeted DNA (T) shows a 3.5 kb fragment with the 3Ј probe and a 4.1 kb fragment with the 5Ј probe, as indicated in (A). ShcB genotypes are indicated above. (C) Southern blot analysis of ShcB recombinant mice. Tail DNA of mice from an ShcB ϩ/Ϫ cross was examined by Southern blot analysis using the 3Ј probe. The wild-type DNA (wt) shows a 6.5 kb fragment, whereas targeted DNA (T) shows a 3.5 kb fragment. ShcB genotypes are as indicated.
first seven ShcB coding exons encode the N-terminal polypeptide from brain lysates of wild-type mice, as detected by immunoblotting with anti-ShcB-GP, which upstream region and the entire PTB domain, and the intron-exon boundaries are similar to ShcA. was undetectable in ShcB Ϫ/Ϫ brain lysates ( Figure 3B ). In vitro translation of the ShcB cDNA yielded a protein To disrupt the ShcB locus, an IRES-LacZ sequence followed by a Neo r cassette was inserted at an NdeI site that comigrated with the 68 kDa polypeptide and was recognized by anti-ShcB antibodies ( Figure 4A ). These in exon 5, in the middle of the sequence encoding the PTB domain (Figures 1 and 2A ). This insertion should results suggest that ShcB encodes a 68 kDa protein (p68 ShcB ), which is disrupted by the targeted mutation. terminate translation within the PTB domain. Germline transmission of the mutant allele was obtained from two Similar to the ShcB mutation, we introduced a mutation into the mouse ShcC gene, through the incorporaindependent ES cell clones (1F11 and 2C5). Heterozygous mice developed normally and were crossed to tion of an IRES-LacZ cassette (our unpublished data). Although the mutant locus does not encode detectable obtain animals homozygous for the ShcB mutation, which were born at the expected Mendelian ratio (FigShcC protein (Figure 3C ), ShcC Ϫ/Ϫ animals are viable. In contrast to ShcB, the inserted IRES-LacZ cassette is ures 2B and 2C). LacZ staining of embryos and adult ShcB mice did not reveal ␤-galactosidase activity, indiexpressed in ShcC ϩ/Ϫ and ShcC Ϫ/Ϫ mice (Figures 5O-5R and 7A-7C). Neither ShcC nor Grb2 are grossly upregucating that the inserted IRES-LacZ cassette is not active. To identify the ShcB product, we raised two different lated in mice lacking ShcB, nor is Grb2 upregulated in ShcC Ϫ/Ϫ mice ( Figure 3C ). polyclonal antisera using GST fusion proteins containing the CH1 or SH2 regions of the ShcB protein (designated To test whether ShcB and ShcC have redundant roles, we intercrossed ShcB and ShcC null mutants to produce anti-ShcB-GP and anti-ShcB-SH2, respectively). A 68 kDa protein, identified in blots of wild-type brain lysate ShcB Ϫ/Ϫ ShcC Ϫ/Ϫ double homozygous null mutants. These mice were viable, fertile, and born at the expected using anti-ShcB-GP antibody, was reduced in ShcB heterozygotes and missing from ShcB Ϫ/Ϫ mice ( Figure 3A) . Mendelian ratio. Adult ShcB/ShcC double null mutants appeared normal with respect to all internal organs and Similarly, both antisera immunoprecipitated a 68 kDa 
p68
ShcB was primarily detected in brain and spinal cord tissue lysates (and endogenous ␤-galactosidase activity; see below) demonstrated that ShcC was expressed ( Figure 3D ) and more faintly in lung, heart, and stomach, which may reflect neural innervation of these tissues. exclusively in neural tissue, consistent with previous mRNA studies (Nakamura et al., 1998). Expression was low To examine ShcB expression during development, CNS extracts were prepared from embryonic and postnatal during embryonic development and became strongly upregulated within the CNS around the time of birth mice and immunoblotted with ShcB antibodies ( Figure  3E ). P68 ShcB can be observed in the CNS at embryonic ( Figure 3F ). ShcC expression continued to increase during postnatal development, reaching maximal levels by day (E) 12 and shows a modest increase from E15 until postnatal day 1 (P1) ( Figure 3E) To examine the effects of ShcB/ShcC ablation on senpeptidergic and nonpeptidergic neurons associated with nociceptive function. In addition, these data demsory innervation, 1 m semithin cross sections from the L4 dorsal root of 8-to 9-week-old ShcB, ShcC, and onstrate that ShcC cannot functionally compensate for the loss of ShcB in nociceptive neurons. To understand ShcB/ShcC mutants were examined. Counts of total myelinated axons within the dorsal root were reduced the inability of ShcC to compensate for ShcB in this nociceptive population, we examined the expression of ‫%23ف‬ in both ShcB Ϫ/Ϫ and ShcB Ϫ/Ϫ ShcC Ϫ/Ϫ mice, whereas ShcC Ϫ/Ϫ mice exhibited no significant loss of ShcC with respect to TrkA and IB4. As shown in Figures  5O, 5P , 5Q, and 5R, respectively, ShcC (as monitored myelinated axons ( Figure 5C ). Similarly, cell counts of L4 DRG from 8-to 9-week-old ShcB Figures 6D-6F ). Significant reducthe SCG of E13.5 ShcB ϩ/Ϫ ShcC ϩ/Ϫ and ShcB Ϫ/Ϫ ShcC Ϫ/Ϫ mice, did not differ significantly (Table 1) . Thus, the retions in axonal number occur within both large caliber cutaneous and unmyelinated axons. No significant reduction in SCG neurons in ShcB Ϫ/Ϫ ShcC Ϫ/Ϫ mice appears to occur subsequent to E13.5, suggesting a loss duction in small-caliber, thinly myelinated axons was observed in any of the ShcB/ShcC mutants. As shown of postmitotic neurons rather than a defect in neurogenesis. As the peak period of programmed cell death within in the EM photomicrographs ( Figures 6G-6J (Table 1) . Interestingly, these effects are not observed in either ShcB Ϫ/Ϫ or ShcC Ϫ/Ϫ mice ShcC, or ShcB/ShcC mice, despite prominent expression of ShcC in a number of sensory ganglia. Responses (Table 1) . Thus, in contrast to sensory neurons, ShcB and ShcC are coexpressed in the large majority of SCG to thermoceptive, nociceptive, and mechanoceptive stimuli were also comparable to controls on gross analyneurons and appear to possess functionally redundant 
